* One or several injections ?
* RCT double-blind versus HA

3 arms with one-year follow-up

Matas J. SCTM 2019

* HA one injection
* UC-MSC one injection 20.10°
* UC-MSC two injections 20.10° and 6-month interval
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Recommendations and metaanalyses
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Clinical Efficacy and Safety of the
Intra-articular Injection of Autologous
Adipose-Derived Mesenchymal Stem
Cells for Knee Osteoarthritis

A Phase lll, Randomized, Double-Blind,
Placebo-Controlled Trial

Kang-ll Kim, MD, PhD &, Myung Chul Lee, MD, PhD, Ju Hong Lee, MD, PhD,
Young-Wan Moon, MD, PhD, Woo-Suk Lee, MD, PhD, Han-Jun Lee, MD, PhD,
Sun-Chul Hwang, MD, PhD, Yong In, MD, PhD, Oog-Jin Shon, MD, PhD,

Ki-Cheor Bae, MD, PhD, Sang-Jun Song, MD, PhD, and Kwan Kyu Park, MD, PhD
Investigation performed at Kyung Hee University Hospital at Gangdong, Seoul, Korea

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253
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Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253




* Eligibility criteria
* VAS >50 mm
* WOMAC total > 40 mm
e Grade 3 (KL)

* One single i.a injection ADMSC (3mL)
* Dosis : 100 x 10°

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253



TABLE 1
Demographics and Baseline Characteristics: Full Analysis Set”?

ADMSC (n = 125) Control (n = 127)

Age, v 63.7 + 7.1 63.8 * 7.1
Sex, male:female, No, 39:86 26:101
Body mass index, kg/m* 26.3 + 3.2 259 = 3.1
Smoking, No. (%) 7 15.6) 5(3.9)
Duration of ostesarthritis diagnosis, mo 84.1 = 68.1 85.7 = 66.5
Symptom duration, mo 113.1 =+ 79.1 108.3 = 846
Radiologic data

K-L grade 1:2:3:4, No. 0:0:125:0 0:0:127:0

HEKA angle, deg” -3.8 + 5.3 ~3.3 = 47

Joint space width, mm 356 +13 36=156
Clinical data

100-mm VAS for pain 87.7 = 17.1 609 = 166
WOMAC index

Pain 10.7 + 3.3 113 =32

Stifiness 45+ 13 49=15

Funetion 39.8 = 94 418 = 103

Total 55.0 = 134 RO = 144
KOOS

Symptoms 56.7 £ 15.9 BL7 = 156.9

Pain 50.1 + 139 469 = 16.2

Activities of Daily Living 53.7 + 148 50.2 = 17.0

Sport and Recreation 23.6 + 18.3 215 ~19.0

Quality of Life 329 = 143 31.8 = 16.1
SF-36

PCS 380 =59 379 =6.2

MCS 46.6 = 10.1 45.9 = 96
IKDC subjective score 38.6 + 11.7 37.0 = 131

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253



TABLE 2
Mean Improvements in Primary Outcomes From Baseline to the Follow-up Visits: Full Analysis Set®

Outcome: LMM? or Time ADMSC (n = 125)° Control (n = 127 95% CI of the Difference P Value
A 100-mm VAS on pain
LMM 11.8(2.9° 6.4-17.4 <.001
3 months 222+ 246 13.2 + 23.7 0.6-12.7 030
6 months 25.2 = 246 15.5 + 23.7 3.0-15.3 004
A WOMAC
A Pain subscore
LMM 2.0(0.5" 1.0-3.0 <.001
3 months 3841 27+ 38 0.1-2.1 027
6 months 4.3 = 4.0 27+ 44 0.6-2.7 003
A Stifiness subscore
LMM 0.8 (0.2 0.3-1.2 <.001
3 months 14+ 18 1.3+ 16 -0.3-0.5 620
6 months 18+ 19 1.3 +19 0.1-1.0 017
A Function subscore
LMM 6.1(1.7)° 2894 <.001
3 months 13.3 + 136 9.7 +12.1 0.4-6.8 030
6 months 15.7 = 134 10.3 + 14.1 2.0-8.9 002
A Total score
LMM 8.92.3" 4.3-13.4 <.001
3 months 19.1 = 18.7 13.5 = 17.2 0.35-9.2 024
6 months 21.7 * 186 14.3 + 19.2 2.8-12.4 002

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253




TABLE 4
Treatment-Emergent Adverse Events in the Safety Set”

ADMSC (n = 125) Control (n = 127) P Vahe
Patient summary
Patients with TEAE 48 (38.4) 41(32.3) 310
Patients with SAE 1(0.8) 324 622
Patients with fatal SAE 0 0 =999
Procedure-related joint pain 3(24) 1(0.8) .337
Procedure-related joint swelling Ji2.4) 0 198
Event summary
Total TEAEs T2 65
Severity by NCI.CTCAE scale
Grade 1 50 36
Grade 2 22 29
Grade 3 0 0
Grade 4 0 0
Grade 5 Q0 0
Relationship between the treatment and TEAEs
Certain 0 0
Probable/likely 8 2
Paossible 17 2
Unlikely 42 58
Conditional/unclassified 3 0
Unassessable/unclassifiable 1 0
Not applicable 1 3
Result of TEAE:
Recovered/resolved 54 43
Recovering'resolving 16 21
Not recoverednot resolved 2 1
Recovered or resolved with sequelae 0 0
Death 0 0
Unknown 0 0

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253



nature medicine

- -- > Global MSC Market Size = USD 1,715 Million in 2021
Cell-based versus corticosteroid injections -- > Cell-based therapies positive ??? small sample sizes and high risk of bias

for knee painin osteoarthritis: arandomized
phase 3 trial
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Cell-based versus corticosteroid injections -- > Cell-based therapies positive ??? small sample sizes and high risk of bias
for knee painin osteoarthritis: arandomized
phase 3 trial
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AUTOLOGOUS ALLOGENEIC

Release Criteria SVF BMAC uCcT

l'otal Nucleated Cell | =5 mullion cells (no =200 mullion cells but =10 mulhion cells but

Count maximum cell count) <2 bilhon cells < 20 mllion cells

Cell Viability >70% =T0% =>70%

Endotoxin Testing <20 EU total < 350 EU total Not required at point of
Mautner et al. Nat Med 2023 care
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Table 1| Demographic and baseline characteristics by
treatment group for the intent-to-treat population

BMAC SVF ucr Csl All subjects
n=118 n=n9 n=ns n=120 n=475%
Age (years)
Meanssd, 586273 582:73 579+82 583281 583477
260, n{%) 61(52%) 56(4T%) 54{46%) 58(48%) 229(48%)
<60, n{%) 57(48%) 63(53%) B4(54%) 62(52%) 246(52%)
BMI(kgm?,n 104 106 15 107 432
Mean:sd, 306160 305:64 309:54 312462 308160
Kl grade, n (%)
Grade 2 31(26%) 34(29%) 44(37%) 34(28%) 143(30%)
Grade 3 43(36%) 52(44%) A42(36%) 54(45%) 191(40%)
Grade 4 44(37%) 33(28%) 32(27%) 32(27%) 141(30%)
Male, n (%) 56(48%) 56(47%) 53(45%) A4A9(41%) 214{45%)
Femmale, n(%) 62(53%) 63(53%) B65(55%) T71(59%) 261(55%)
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--- > Cell-based therapy failed to demonstrate superiority over i.a. steroid

--- > No subgroup differences

Mautner et al. Nat Med 2023

--- > Good safety profiles (joint swelling, hematoma)
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" La lombalgie est la principale cause d’invalidité dans la population adulte en
France et dans le reste du monde

= la discopathie dégénérative (DDD) est la principale cause de lombalgie
chronique (>40%)

~

Traitements Actuels:

Tt médicaux: analgésiques, anti-inflammatoires, ortheses lombaires rigides

Tt chirurgicaux : arthrodese, protheses discales

Injections intra-discales de stéroides (pas d’effet a moyen ou long terme)

\_ )




" |a discopathie active (MODIC 1)

5-40% des lombalgies

Rare dans la population asymptomatique

Associée a la réussite de la chirurgie

hypoT1 / hyperT2
Inflammation locale +++

Figure | Magoe G resonuncy imaging of the lutsbvar spine performed
PO B0 intradscal corcesterout mpectann, showing typacal feiures of
vertebrl end-piaste Modic Tsignal chimpes ol the L5-S1 kevel torrews)

Hypalnteme and hivpenintense signnl chamges are viasboad = T
weighivd (A aml STIRwewdnod (B) segooaces. wilth edema involving

the scliodent vertebwal sl obatos sl Boowe maren

Classification de Modic
Modic 1 Modic 2 Modic 3

T1

T2

Inflammation Fatty changes Fibrosis



Physiologie du disque IV

Nucleus Pulposus Cartilage Endplate
Annulus Fibrosus Vertebral Body
 Matrice extra-cellulaire | Booa Vess
* Collagene, PG et eau : 95% l |
\ . \ \‘ A i .‘a
* Collagene = armature fibreuse | | SN
* Concentration diminue de la périphérie vers \ ) | &
le centre == |
: ; e 77 | - = Y
* Changements des fibres de collagene (../ A
* PG = assurent pression osmotique & V2

* Equilibre entre:
e Catabolisme : MMPs, IL1, TNF, ADAM | : |
» Anabolisme : BMP2, BMP7, GDF5, TGFb, IGF1 || =) |

|

Nerves



Dégradation du disque |V

Disc Inflammation Calcification
g ' Loss of ECM
* Processus de dégradation \ [ ) ‘\' FR ) \
* Reduction des cellules NP notochorde avec ‘3’(\{ | \ | *) f \‘
age --- > diminution anabolisme b A / | e
* Epuisement cellulaire + perte de PG/GAG |l B! =

* Augmentation médiateurs inflammatoires :
IL1, IL6, ICAM1 FGF, NGF

e Stress oxydatif : AGE, radicaux libres --- >
activation NLRP2

* Cellular senescence, apoptose

Neovascularization ) | Innervation Loss of demarcation



Pain

Pretreatment

Pain relief

Posttreatment

Goals of interventional treatment

Microenvironment Tissue degeneration
catabolism
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Models for cell transplant

Autologous in vivo  Injection under fluoroscopy  After cell transplant



* Phase I/1l RCT trial with allogeneic BM-MSC
e 24 patients with cLBP
* Intra-discal 25x10° vs sham procedure (2 mL)

 MRI stages 2,3 or 4 (Pfirmann)
e 5 donors (viability 98%)

Noriega et al. Transplantation 2017



* MSC-treated patients displayed a quick and significant improvement in
algofunctional indices versus the controls

A B
_ ;: MSC-treated " ;: Control A B
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Noriega et al. Transplantation 2017



Mesenchymal stem cells can
Improve discogenic pain in
patients with intervertebral disc
degeneration: a systematic review

and meta-analysis

Wupeng Zhang"#*', Daofeng Wang**!, Hua Li**', Gaoxiang Xu?®~,
Hao Zhang®**, Cheng Xu®** and Jiantao Li***

Zhang W et al. Frontiers in Bioengineering and Biotechnology 2023



TABLE 1 Characteristics of Included studies,

Authors Year Study Sample size Reoperation Fellow up AE(n)
design (M/C) (n) proportion (n) periodly)
Pettine et al 2014 cohort study 26 - - 226 1 0
Nariega et al 2016 RCT 12/12 67 7= M+7— 0/12 1 0
47 + 10 2+10
Pettine et al 2017 cohort study 26 82.1 £ 2.6— 56.7 £ 3.6~ 6/26 3 0
219 + 44 17.5 + 3.2
Sairam et al 2022 cohort study 40740 - 46.1 + 126 0/40 1 0
311 + 189
Orozco et al 2011 cohort study 10 689 + 3.3— 250 + 41— 0/10 1 0
200 + 65 74423
Kumar et al 2017 i cohort study 10 652 127~ 428 4+ 15 0010 ‘ 1 0
29 + 166 168 + 9.8
Centeno ct al 2017 cohort study 33 - 2/33 6 0
Pettine et al 2015 cohort study 26 5/26 2 0
Papadimitriou et al 2021 cohort study 10 5110 2 0

M/C, Mesenchymal Stem Cell group/Control group; n, number; RCT, randomized control trial; AE, adverse events; y, year.

Zhang W et al. Frontiers in Bioengineering and Biotechnology 2023



PreOP PostOP
Study Total Mean SD Total Mean SD Mean Difference MD 95%~-CI Weight
Noricga et al 2016 12 6700 700 12 47.00 1000 - 2000 [13.09;2691] 252%
Pettine et al 2017 26 8210 260 26 21.90 440 1160.20 [58.24;62.16) 26.2%
Orozco et al 2011 10 €890 330 10 20.00 650 = 4890 [44.38;53.42] 258%
Kumar et al 2017 10 €5.00 1270 10 29.00 1660 —=— 38,00 [23.05:48.95) 228%
Random effects model 58 68 —=o-  41.62 [24.32; 58.93] 100.0%
I |

Heterogenety: I° » 88%, ¢ = 297 2117, p < 0.01

FIGURE 4
Forest plot for the VAS

Orazco 2011
Nonega 20186
Kumar 2017
Pattine 2017
Sairam 2022

Total (5% CI)

Heterogenedy: Tau® = 218 46; Chi* = 206.28, df = 4 (P < 0.00001); 7 = 98%

10 74 22
12 2 1
10 168 98
26 175 32
40 311 1889

Test tor oversll eflect Z = 3.25 (P = 0.001)

FIGURE 5
Forest plot for the QDI
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Zhang W et al. Frontiers in Bioengineering and Biotechnology 2023




Production de vésicules extracellulaires

Vésicules
extracellulaires

Maumus M et al. Medecine Sciences, 2018



* We know... * We don’t know...
* Positive pre-clinical data e Tissue repair ?
* Numerous published phase I/l * Dose ? Frequency of delivery ?
* Excellent tolerance * Type of scaffolds ? 3D printing
* Cost issues * The targeted population ?
* Risk of bias * A potency test ? Priming cells ?
 Standardisation of cell * Engineering cell-based approach ?

manufacturing * Various targeting ?
* Phase II/1ll negative
£ ) ADIPOA-2

,{65 ‘ Limitation = cell integration / indications
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